HE pericallosal artery is the portion of the ACA that is located distal to the ACoA. 7, 13, 14, 17, 18 It is the primary supplier of blood to the midline of the brain, vascularizing the corpus callosum, the optodiencephalic area, and the anterior two thirds of the medial and superomedial aspects of both hemispheres. Because of its extensive territory and its location deep within the interhemispheric fissure, the surgical approach to this artery is challenging, 13 requiring precise knowledge of its normal anatomy and possible variations thereof. The possibility of these variations must be recognized and taken into account, and careful angiography and/or magnetic resonance angiography studies should be performed preoperatively, because obliteration of the same arterial segment may or may not produce important clinical consequences, depending on the available blood-supplying channels.
tion between the rostrum and genu of the corpus callosum. The A 3 segment winds around the genu of the corpus callosum and ends where the artery turns posteriorly above the genu. The A 4 and A 5 segments are located above the corpus callosum, and the border between these two segments is the projection of the coronal suture onto the midline. In our series, the A 3 to A 5 segments coursed within the callosal sulcus in 30 (65%) of 46 hemispheres ( Fig.  2 ) and along the inferomedial portion of the cingulate gyrus in six hemispheres (13%). In the remaining 10 hemispheres (22%), these segments followed a tortuous course within the callosal sulcus and along the cingulate gyrus, with at least one of the segments coursing within the callosal sulcus (Fig. 3 ).
In one (4%) of 23 brains, the right pericallosal artery ended in the cingulate sulcus at the level of the genu of the corpus callosum. In this case, vascularization of the posterior territory of the right pericallosal artery was supplied by a collateral branch of the left pericallosal artery. This collateral vessel originated at the level of the genu of the corpus callosum and crossed the midline through a foramen located at the inferior portion of the falx cerebri. Finally, this "bihemispheric pericallosal artery" ran backward within the callosal sulcus to supply the remaining posterior three quarters of the territory usually supplied by the right pericallosal artery.
Fifteen (33%) of 46 pericallosal arteries ended on the precuneus as the inferomedial parietal artery (Fig. 4A) . The other 31 arteries (67%) continued their course around the splenium of the corpus callosum as a tiny and often tortuous vessel: the posterior pericallosal artery. This posterior pericallosal artery either ended at the tella choroidea of the roof of the third ventricle (three hemispheres [7%]) as the posterosuperior choroidal artery (Fig. 4B) or formed an arterial circle around the splenium of the corpus callosum (28 hemispheres [61%] ). This perisplenial circle joined the pericallosal artery to a branch of the posterior cerebral artery arising from either the occipital medial artery (25 hemispheres [54%]; Fig. 4C ) or the parietooccipital artery (three hemispheres [7%]; Fig. 4D ).
Collateral Branches and Territories
The pericallosal artery gave rise to central, callosal, and cortical branches.
Central Branches. The A 2 segment of the pericallosal artery gave rise to thin branches supplying the lamina terminalis, the posterior portion of the optic chiasm, and the anterior portion of the hypothalamic and subcallosal areas on each hemisphere (Fig. 3) .
The long central artery (Heubner's artery, Fig. 1 ) originated from the A 2 segment (eight hemispheres [17%]) or from the junction between the A 1 and A 2 segments (38 hemispheres [83%]) and supplied the anterior one third of the putamen, the tip of the outer segment of the globus pallidus, and the anterior limb of the internal capsule.
Callosal Branches. Direct, indirect, and long callosal branches arose from the pericallosal artery. The direct perforating callosal arteries were thin branches directly connecting the pericallosal artery to the corpus callosum with no collateral branches. They were grouped into two to four arterial clusters per hemisphere (Fig. 5) .
The indirect perforating callosal arteries (cingulocallosal arteries) arose from the inferolateral aspect of the pericallosal artery and ran laterally into the callosal sulcus. They gave rise to three groups of branches: one group, directed below, supplied the corpus callosum; the second, directed above, supplied the cingulate gyrus; and the third reached the fundus of the callosal sulcus laterally and supplied the radiatio corporis callosi (Fig. 5) .
The long callosal arteries were similar to the direct perforating callosal arteries with respect to their origin and destination but had a longer course. They arose from the pericallosal artery, ran parallel to it in the callosal sulcus for a few centimeters, and directly reached the corpus callosum. Three to 20 indirect perforating arteries per hemisphere joined branches from the median callosal and long callosal arteries to constitute a network located at the superior aspect of the corpus callosum. This pericallosal pial plexus 8, 17 was larger around the splenium, although in one case it was more developed at the level of the genu (Fig. 6 left) . It supplied both banks of the callosal sulcus, the corpus callosum, and part of the cingulate gyrus.
Cortical Branches. The cortical branches of the pericallosal artery supplied the anterior two thirds of the medial aspect of the hemisphere as well as the superior portions of the superior frontal, precentral, and postcentral gyri.
Most frequently (38 hemispheres [83%]), the medial frontobasal artery constituted the most proximal cortical branch of the pericallosal artery and arose from the A 2 segment; in the remaining eight hemispheres (17%), it originated from the A 1 segment. This artery coursed downward and supplied the inferomedial portion of the frontal lobe and the olfactory tract and bulb (Fig. 1) .
The frontopolar artery had a similar pattern at its origin. It arose either from the pericallosal artery (38 hemispheres [83%]) or from the A 1 segment of the ACA (eight hemispheres [17%]). In cases in which it was a branch of the pericallosal artery, it arose from the A 2 segment in 30 hemispheres (65%), from the A 3 segment in four hemispheres (9%), and from the callosomarginal artery in four hemispheres (9%). The frontopolar artery ran anteriorly along the medial surface of the hemisphere toward the frontal pole and supplied the medial and lateral surfaces of the frontal pole ( Figs. 2 and 3) .
The callosomarginal artery arose from the A 3 segment of the pericallosal artery at the level of the genu of the corpus callosum. It crossed the medial surface of the cingulate gyrus to reach the cingulate sulcus, where it gave rise to its branches (Figs. 3 and 5). This artery was present in 39 (85%) of 46 hemispheres; when it was absent, its territory was vascularized by other branches of the pericallosal artery. However, arteries usually described as direct cortical branches of the pericallosal artery sometimes originated from the callosomarginal artery: the frontopolar arteries in 9%, the anteromedial frontal artery in 35%, the middle and posterior medial frontal arteries in 83%, the
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Microanatomy of the pericallosal arterial complex
Photograph showing the medial surface of the left cerebral hemisphere and midline structures after removal of the opposite hemisphere. Different portions of the corpus callosum can be seen, including the rostrum, genu, body, and splenium. The A 2 segment of the pericallosal artery courses in the subcallosal area anterior to the lamina terminalis. The A 3 through A 5 segments course within the callosal sulcus and provide the following branches to the corpus callosum and the medial surface of the cerebral hemisphere: medial frontobasal, frontopolar, anteromedial frontal, middle-medial frontal, posteromedial frontal, paracentral, superomedial parietal, inferomedial parietal, and posterior pericallosal arteries. Amf = anteromedial frontal artery; B = body of corpus callosum; Fp = frontopolar artery; G = genus of corpus callosum; Ip = inferomedial parietal artery; Lt = lamina terminalis; Mf = middle-medial frontal artery; Ol = occipital lobe; P = precuneus; Pc = paracentral artery; Pmf = posteromedial frontal artery; Pos = parietooccipital sulcus; Pp = posterior pericallosal artery; R = rostrum of corpus callosum; S = splenium of corpus callosum; Spa = superomedial parietal artery; T = thalamus; v = ventral.
paracentral arteries in 50%, and the superomedial parietal arteries in 15% of hemispheres.
Three types of medial frontal (or internal frontal) arteries were observed in all hemispheres: anterior, middle, and posterior. The anteromedial frontal artery was a branch of the A 3 segment of the pericallosal artery in approximately two thirds of the hemispheres (30 of 46) and a branch of the callosomarginal artery in the remaining one third (16 of 46). The middle-and the posteromedial frontal arteries more frequently arose from the callosomarginal artery (38 hemispheres [83%]) than from the A 4 segment of the pericallosal artery (eight hemispheres [17%]). The medial frontal arteries crossed over the cingulate gyrus and, after following a short course within the cingulate sulcus, supplied the medial and superior surfaces of the superior frontal gyrus (Fig. 2) .
In half of the hemispheres, the paracentral artery branched from the A 3 segment of the pericallosal artery; in the remaining hemispheres, it originated from the callosomarginal artery. It coursed within the cingulate sulcus or over the cingulate gyrus before turning vertically to supply the paracentral lobule (Fig. 2) .
The superomedial parietal artery supplied the superior portion of the precuneus. In most cases, it was a direct branch of the pericallosal artery: the A 5 segment in 23 hemispheres (50%) and the A 4 segment in 16 (35%). In the remaining seven hemispheres (15%), superomedial parietal originated from the callosomarginal artery and coursed posteriorly toward the precuneus after crossing over the cingulate gyrus (Fig. 2) .
The inferomedial parietal artery was the most distal cortical branch of the pericallosal artery and always branched from its A 5 segment (Figs. 2 and 4) . It was the least frequently occurring cortical branch of the pericallosal artery (found in 31 hemispheres [67%]), and it supplied the posteroinferior portion of the precuneus and adjacent portions of the cuneus.
Median Callosal Artery. This artery may be regarded as a third pericallosal artery and was present in 35% of the specimens (eight of 23 brains; Fig. 6 right) . It originated from the ACoA, between both A 2 segments, and its diameter ranged from 0.5 to 1 mm (average 0.75 mm). It ran above the lamina terminalis, made a smooth curve around the genu of the corpus callosum, and followed the superior aspect of the corpus callosum. It terminated on the distal portion of the body of the corpus callosum, never reaching the splenium. It gave rise to branches supplying the anterior hypothalamic and subcallosal areas, as well as the rostrum, genu, and body of the corpus callosum.
Discussion
The callosomarginal artery is frequently absent (15% in this series), but may emerge at any point from the ACoA to the genu of the corpus callosum. 13 Thus, it cannot be considered a reliable landmark for designating the origin of the pericallosal artery, as proposed by Snyckers and Drake, 14 and it is preferable to define the pericallosal artery as the entire portion of the ACA that lies distal to the ACoA. 3, 7, 13, 16 The termination of the pericallosal artery is also controversial. According to Lazorthes, et al., 7 the posterior pericallosal artery constitutes the terminal branch of the pericallosal artery, as is the case in the fetus. If no regression occurs during embryological development, the posterior pericallosal artery courses around the splenium as a posterosuperior choroideal artery (7% in our series) and then reaches the tela choroidea of the third ventricle. A more important regression of the posterior pericallosal artery during development may explain why the blood supply of the adult splenium is usually (60% in our series) provided by an anastomotic perisplenial arterial circle that is fed by branches of the posterior cerebral artery: the occipital medial artery (53%) or the parietooccipital artery (7%). Finally, if the regression of the posterior pericallosal artery is maximal, the adult pericallosal artery ends as the inferomedial parietal artery (33%) and does not participate at all in the vascularization of the splenium. The direct perforating callosal arteries directly connect the pericallosal artery to the corpus callosum. The indirect perforating callosal arteries or cingulocallosal arteries give rise to three types of arteries: the callosal arteries, which supply the corpus callosum; the cingulate artery, which supplies the cingulate gyrus; and the sulcal artery, which irrigates the radiation of the corpus callosum. The long callosal artery arises from the pericallosal artery, courses parallel to it in the callosal sulcus, and finally reaches the corpus callosum. Cca = cingulocallosal arteries; Ci.a = cingulate artery; Dpc = direct perforating callosal arteries; Lc = long callosal artery; Sa = sulcal artery; Sf = superior frontal gyrus. studied, three kinds of arteries supplied the corpus callosum: the direct perforating callosal artery, the indirect perforating callosal (or cingulocallosal) artery, and the long callosal artery. The first two arteries correspond to the short callosal artery, as defined by Perlmutter and Rhoton. 13 This finding is similar to that published by Türe and coworkers. 15 The variations frequently observed in the branches of the pericallosal artery and the relatively frequent occurrence of the median callosal artery (see the following discussion) allow us to define the pericallosal arterial complex. This complex vascularizes the territories of all branches of the median callosal artery and both pericallosal arteries: the callosal region and the anterior two thirds of the medial and superolateral aspects of both hemispheres. It may be regarded as a hemodynamic solution in which abnormal regression of one part of the complex is balanced by the development of blood-supplying channels for the corresponding territory. The resulting variations may be explained by the combination of two types of exchanges between territories: those between the right and left hemispheres and those between the territories of the cortical branches in each hemisphere.
The right-left hemispheric variations may be explained by the embryological development of the ACAs.
9 Using Padget's stages, 10 the primitive internal CA divides and its medial branch becomes the ACA during Stage 4 (12-14 mm). Plexiform anastomoses develop between both ACAs during Stages 4 and 5 (16-18 mm) and, during Stage 6 (20-24 mm), transform into a well-individualized and usually single artery: the ACoA. At this stage in all cases in Padget's study, 10 the median artery of the corpus callosum was observed to be a branch of the ACoA directed toward the commissural plate. If the medial callosal artery disappears during development (65% of the specimens we studied), each ACA vascularizes the corresponding hemisphere and callosal region. If the median callosal artery persists into the adult stage (35% in our series and 0-64% in the literature us). However, if both A 2 segments disappear, the median artery of the corpus callosum has to vascularize the entire territory of the pericallosal complex and the two A 1 segments merge to form a single median trunk. The frequency of occurrence of this "azygos pericallosal artery" 5 or ACA azygos 6 varies from 0 to 5%. 2, 14 We did not find this pattern in any of our specimens. If only one of the two A 2 segments is underdeveloped, its territory may be vascularized either by the median artery of the corpus callosum or by the contralateral pericallosal artery. We did not observe the former variation in any of our series. The latter variation corresponds to the bihemispheric pericallosal artery (4-13.3%), 1, 13, 15 in which an anterior, right, or left cerebral artery supplies most of the branches of the pericallosal artery of both hemispheres and is accompanied by a hypoplastic contralateral artery. The development of the mesenchyme at the origin of the meninx primitiva occurs after the development of the cerebral arteries. 6 This could explain why the bihemispheric pericallosal artery observed in our study perforated the falx cerebri.
Other variations may occur in the anteroposterior direction (Fig. 7) . Each branch of the pericallosal artery corresponds to a specific cerebral territory, but the other cortical branches of the pericallosal complex may arise either from the pericallosal artery itself or from the callosomarginal artery. One could imagine two opposing situations: one in which all cortical branches of the pericallosal complex originate directly from the pericallosal artery, and one in which all of these branches (with the exception of the first and last) originate from the callosomarginal artery. Intermediate situations, in which deviations in the rightleft direction combine, may give rise to a large number of anatomical variations that should be recognized to avoid incurring neurological deficits after surgical or endovascular procedures. FIG. 7 . Diagrams representing anatomical variations in the pericallosal arterial complex. The pericallosal arterial complex vascularizes the region of the corpus callosum and the anterior two thirds of the medial and superomedial aspects of both hemispheres. If a portion of the pericallosal arterial complex disappears during development, exchanges will develop to supply the corresponding territory. The variations can be divided into two main categories: right-left and anteroposterior balances. A: The right-left balance corresponds to exchanges in the vascularization of both hemispheres. In the usual configuration (A1), the median artery of the corpus callosum is absent in the adult pattern (dashed lines) and the pericallosal arterial complex territory is supplied by both ACAs. The fetal model may persist into the adult stage (35% of our specimens) and corresponds to the persistence of the median callosal artery (A2). The callosal territory of the pericallosal arterial complex is vascularized by the callosal branches of the pericallosal arteries and the median callosal artery. If one of the proximal segments of the pericallosal artery (the A 2 segment according to Fischer's classification) is absent, the corresponding territory may be vascularized either by the contralateral pericallosal artery (A3; bihemispheric pericallosal artery-one case in this series) or by the median callosal artery (A4; configuration not observed in this study). Finally, if both A 2 segments are absent, the entire pericallosal arterial complex territory is vascularized by a hypertrophied median callosal artery that branches distally with both pericallosal arteries. This configuration (A5; azygos pericallosal artery or ACA azygos) was not found in our dissections. ICA = internal CA; MCA = middle cerebral artery; MCC = median artery of the corpus callosum; PAC = pericallosal arterial complex; PCoA = posterior communicating artery. B: The anteroposterior balance corresponds to territory exchanges between different branches of a single hemisphere. Each cortical branch of the pericallosal arterial complex has a specific territory, but the origin of these arteries varies with the individual brain. Two extreme situations may be de- 
